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PROCEDE ET INSTALLATION DE FORAGE ET DE CHEMISACE D'UN 
PUTTS, NOTAMMENT DUN PUTTS DE FORAGE PETROLIER, AU 
MO YEN DE TRON£ONS TUBULAIRES ABOUT ES INITIALEMENT 

SOUPLES, ET DURCIS IN SITU 

Ls prtscnte invention cooccrac un proc*<k pour fortr et chennser un puitt, 
notammenl no pints de forage petrolicr, so moyen d'un ensemble de Uoncont tubulaircs 

- ou prtformea - simflaires, imtialement soupks, spies I to replies loagtudiarfancpl 

5 Pcffct d'uoe pression interne pour prendre tine fonne cylindrique, et cofta a lire 
rigufif&ec* jo situ par polymerisation de lew paroi, reoooaabcemeui transversal d'une 
preTorme repliee Aant de dimension maximale seosibleraent inferieure a toe diametre 
interne 1 PeHai deplie\ et lesdttes prtTormes possldant ane portion d'extrtmite* doot le 
diametre - lpres depliement - est legeretneat supeneur a oclui de la preTorme, oe qui 

10 pennet leur joocdoo boot-a-bout par emboTtanerm avec recouvrement de laditc portioo 
d'exttteitf. 

Aiasi, en recourant a ce type de preTorrac, qui est connue en soi 

- notanunent par le document WOA-94/21887 -ilest possible d'obtenir un c h e mi sagc 
d'mdlametre constant swtoute Ukaogueurdu puits. 

15 Acet cgard. il convieat de rappeler qu'avec des cheraisages (ou tuhages) 

Cxadttkamcls constitute par des tubes en eoer. an est oblige* d*utiliser des troncoas 
tubulsircs icleacccaques, a eSamfctrc decrotssant en direction du fond du potts, ce qui pose 
des proriemes d'imtairaricn et Sexploitation ul terieure du puts. 

L'objectif de ('invention est de p ropo se r un pnoc&te de forage et de 
20 chemssage du puits, i I'side de preTonno du type meauonn< ci-dessus, qui puisse toe 
mi* en ocuvrc de manierc simple et rapide, k fable coCl 

Voqi cela, et coofonnCmerU a I 'invention, on commence par mcttre en 
place un premier troncoo, du cOtedel'eia^du pints, ta 
troncpn tent laumee vers k 



25 U proc6d6sek» Hnveution comprend les *apes sui vuites : 

m) an fait passer axialement, de haut en bas, a travers I edit troocpo, un 
outil de forage, el on fore au-dessous et dans le prokmgernect de ce troncpn un troude 
fonne etde prof ondeur adaptees pour recevoir le troncpn smvant ; 
b) on redre Touta de forage ; 
30 c) on introduit une prefonne. a I'Aat replie*. a rinterieur du pints en la 

faisant traverser le troncpn deja en place, et on la posiuonne coo venablement a I' interieur 
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du trou, a portion d'cxtrcmite' haute venant sc placer a rinterieur de U portioo dex- 
nx^tlelargkdutroacon; 

d) on introduit un anient fluide au food du trou. autour de U portioo 

d'extremit* basse de U preTortne ; 
5 e) on introduit un fluide sous pressor de density supencurc a La densile 

du dment, a I'interieur de la preTorme aim de U deplier radialement, progressrvement de 
bus en haul, en refoulam le dment, e*galemcnt dc has en haul, autour de la preTorme, 

contra U pazoi du trau ; 

0 tout en maintenant la preTorme sous pretsion i nteme, on en cfaaufle la 

10 parol pour La pot vmeriscr ; 

g) le dment ayant pria, et la preTorme ayant durci pour consumer un 
tfonooo tubulalre h gide de cbemisage. on retire axialemcnt les outillages ayant send an 

goidu^ et a U pdymensati 

h) on reltcre Popention pour les troocoos suivanta, juaqu'a obteuir la 

15 longueur de puits chemise* souhaitet 

Lorsque, comme cda sera exptique* plus loin, la preTorme preacnte des 
reserves de restne aptes a migrer vera rexterieur pour former dea venous aanulaircs 
d'Aancbditd. le pociuoonemeni de ces verrous est realise* an dflwt de I'tape f d-dessua. 

De maniere parUcuUercmcnt avantageusc, on utilite un oiral de forage dn 

20 genre trepan, apte a ocenper a 

premier emt d'eocombrement aunimal. lus permcttantde passer a nnteneur du troocon 
dejaea place, un second dtat, d'cacambrcmcnt int errofrl ia tT c, pour le forage de la partie 
principale du trou et un troitieme £tat, d'encombrement maximal, poor le forage de la 
partie du trou dead nee a reccvoir U portion dargie de la preTorme. 

25 Dans un mode dc rtaltsabcn prtTerentid. l'ouullage servant au gonAagc et 

a la pol ymensauon de U preTorme, ainst qu'a lamstribution du dment, comprend une tete 
a dcwWe valve placed 
nuidedegorJuu^ariiiien^ 

^installation dc forage et de chemiaage, qui fait egaHanent partie de la 

30 pre»te mvendon, server* ^ 

qu'dle compcend, en tfcie de pints: 

- une bobine de stockage et de reception, a l'etai enroule", de ladite 

preTorme ; 

- une tete swpiombant r entree du puits. apte a pcrmettrc le guidagc et 
35 I 'introduction, dans le puits, dc la preTorme et des different* outillagea servant au forage 

du puiis ainsi qu'au gonflage et a la pdymeriBation de la preTorme ; 



« 
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- des bobioca de stodcage a r«at tm&M de lubes mctailiques elastique- 
meat detonnables ap<es I fairr descrndrt et rtmooter lesditt outillsges dtni le puits, Pun 
de ces tubes coo tenant un ciWc servant a 1' alimentation de la prtfonnc en courant 
efectrique; 

5 - un generateur de couran! electrique. 

D'auues canctenstiqucs et avantages dc I 'invention apparaltront dc la 
description et des dessins annexes qui en repreaenlent, a simple litre d'excmples non 
limitatifs un mode de mise en oeuvre pre/ere*, ainsi que ^installation ccoespondantc. 
Sur ccs dessins: 

10 - les figures 1 a 4 sont des vues ichematiques, en coupe axiale, montrant 

let different** 6tapes de rcperation de forage de la partie de pnits qui doit recevoir la 
preronne • 

- la figure 5 est unc vue scbcuistiquc d'unc pceTonnc et de I'outfll&ge dont 
elle est soiidaire, avanl mise en place, dans le puits ; 

!5 - les figures 6 et 7 sont des vues parti dies de IVxtremit* basse de la 

preTonne, destinies a illustrer le principe de la double valve dont est pourrue la t£te 
d'ouultage; 

- les figures 8 1 15 iUustrent les dWerentesaapea^nite 
pteTorme au bout d'un troccon 6Sgk en place; 

20 - Ka figure 16 represente schcmanquemenU en coupe axiale, un puits 

chemise 4 par trois trooooos coaxtaux aboulcs ; 

• la figure 17 est une vue schftnarique montrant les different! materiels 

constitubf* de l f installation, situes en surface (tte de puits) ; 

- les figures 18 a 30 - aechelle pins petiie - iUustrent le f ooctienxernent de 
25 rinstailalion au count des differences topes dn c hem isage. 

La figure 1 represente r extremity basse d'un puits vertical en cours de 
forage et da chemisage. Ce puits, inoompletement fort, comporte un chemisage deji en 
place sous forme d'un tube cytindrique rigide 2 presentant une portion d'extremit* basse 
20eTaxgie. 

30 Ud^ansteDdecetteparue20estlegerccn^ 

d de la partie prindpale 2, si bien qu'U est possible d'embofter les uns dans les autres des 
tronoons 2, avec fecouvrement des parties d'extrcmite* 20. 

Ljc troncon de ctanisage 2est toeXU dans 1c puits par un cbaentperiphen- 

quc20a 

35 Nous allons maintenant decrire de quelle maniere va etre mis en place, a 

I'aide du proc6d£ de rirrvention, le troncon suivant, destin* k etrc aboute* au troncon 2. 



• 
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fair ceUu Gommc illustrf aux figures 1 4 4, oo commence par forcr un 
tiou destine 1 4 rccevotr cc bonbon. 

A cet elTet oo utilise un outtl de forage 1, du genre trepan, qui a la 
particular! t6 de pouvoir etre rtxncU ou dilate radialemenc. dans trots lots d'encoro- 

5 brwnem dLf f creals. 

Dans un premier tot. illustrt a la figure 1, 1'outil est rttiacte* au maximum 
de telle maniere que sa plus grande dimension Uansvemle autorise son libre passage a 
I *lnteneur du troncoo Z asialemcnl 4 craven cdin-ri. 

Dans cet dtat, son enconbrement est done pins petit que dL 
10 De mamete connue, rouul de forage 1 est fix* a rextremite d'une tige 

mbutaiie 10, qui porte le motcurd , eati»mciDcnt(wM represent^ de Poutil en rotation, et 
les orgaaes assurant son deploiement ou sa contraction ntftiale. 

Comme on le vena plus loin, la tige 10 est montec a IVxtrernite* d'nn tube 
nkbulique apte 4 toe enrouW sur un tambour recepteur dispose* cn surface, en ttte de 
IS puits. 

Dans tin second £at de deploiement radial, illustrt a la figure 2, la panic 
ooupante 12 dc I *outil possede uo diameUe de travail aensibieinent egal a D. 

L'oulil ayanl &4 dcaceodu axisJement dans le puits, a trarera k cubage 2 
deja en place, on pcovoque ce deploiement radial au diametre D lorsqu'il est arrive a 
20 rinteneur de U poruOT elargia 

vantsadescentecommefflusae^ 1. 

Oo realise amst le forage <Tun trou cyUodrsquc au diametre D, coaxial au 
tro n co fl 2, dans le prolocgement de cetui-ci, dans le sol 8. 

La profoodeur de forage correspond a la longueur du troocon que Ton 

25 souhaite mettrc en place* 

L/outil 1 possedc des organcs de coupe addiuoonda 11 qui peuvent etre 
deploye* radialetnent a un diametre superieur 4 D, afin de pouvoir reocvoir la portion 
elargfe du troooon a roettre en place. 

Crsmn» iUustrt 4 la figure 3, par ie^ 

30 ainst on elargissemeot du trou 3 sur une cenaine hauteur. 

A U figure 4 « a design par la leTeien^ 

dutn»3.parUitferen^ 

basse du trou, dont le diametre D est le m£me que cdui de la parti e 30. 
Upjtfcxme 4 representee scb^ 
35 general que celle decritc en detail dans le WO-A-94/21B87 dej4 cite. 
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NcaTunoins,d!ecsldc^ 
goofUble, du fait qu*on a affaire a un trou borgne ; de plus, U preTonne 4 possede uoe 

portion d'extremiti basse 40 de section clirgie. 

La preTorme 4 est supportce par une u> tubulaire 5 en arier. ewoolable 
5 $ur un tambour de stockage situe* en surface, el qui pennet de la faire descend/* a 
I 'interieur du puits, etdetui fourair les fluides de dmentauoo et de goo/lagc, aina que 
I'eaergtc dectrique poor la pdymensanon de la preTorme, par l*iitterae<fiaire d'un 
dbpo«iufderacoofdec3entS» 

la preTonne et te {accordant en partie bane de cdle-d a une fete de distribution 51. 
10 Ce type detispd'sdercnrcclable est courammentdeagneedanskmtter 

par (e tenne anglais XOLED TUBING- - en abre^-CT. w *. 

Comme ocU est decrit dans le WOA-94/21887 deja dte\ la preTorme est 

obOJrfc a sea extremites haute et basse, de maaierc dancfae, pair des n u n c ho ra arracha- 

blet et/ou deooupabiea en tin d*op6ratkn. 
15 La ttte dtatributrice 51 possede une double valve 52, 53, actionnabk 

sdeco vement (depuis la surface). 

Comme Must* aux figures 6 et 7, U valve 52 pennet de distriboer un 

nukkdegcjuTafeariauJrkur 

distribucr un cirocnt fluide a U tmac de U preTorme, * 1 "extencur <Jc orfl<M* (flechea J) . 
20 amine fflustrt^U figured tnicialemenia 

feat radialemcnt reptie* - est desoendue dans le trou 3 axialement, du hant veil le bas, a 
travels le tronoon de cnemisage 2 deja en place. 

Bien entendu, pour que cod aoit possible, il eat necessaire que Pencom- 
bremeat transversal de la preTonne reptiee soil inferieuraudaunetre interne de h\ preTonne 

25 device, q^ccnespccd a ^ 

Lonque la preTonne est reptiee sur eUenntoe, die prtsente line secnon en 
**IT cm en forme d'escargot - comme illustrt par exemple aux figures 6A et 63, 
lespecnvetnent do document WO-A-94/25655 ; lorsqu'dle est depUee die presente une 

section ctauhrire. 
30 U preTonne 4 est positioiuec dans letter 

d'extrfmite* plus laT^e 40 seuouve en regard dePdargis^ ; la longueur 

du trou 3 est determine* pour que, dans cctte position, la portion supencure de la 

preTonne te trouve to regard de t'dargiisOTait 20 du mbsge deja en place. 

On precede slors a 1 •injection d' une dose de dment liquide 6 a la base de la 
35 preTorme, via U valve S3 (Heches J, figure 9). 

Le dment est cboisi pour avoir une density voisine - voire legerement 
supencure - de cdle de U bone liquide 7 se trouvant dans le puts. 



4 
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L'anivec de anient 1 la base de U preTorme chasse done ccttc boue vers le 

haut 

Comme illusire* a ta figure 10. on precede ensuite au gonfUge dc la 
preTorme. en injectant un fluidc sous pression A rinterieur de celled, vU la valve 52 
5 (fleches I). 

n s'agit soil d'un liquide introduit de Vex\6nwr (depuis lat&ede putts) 
par le conduit 5 dans la preTorme, soit d'un liqukle (eau, boue ou p6trole) present dans le 

pails ct pomp* dans la preTorme, 

Le liquide de gonflage est avancageusement cnoisi pour avoir une densit* 

10 ttgerementsuperieureacdkn^ 

goaflage va se faire progrcaaivemeot du baa vers le haut, com me symbolise' par les 

Heches G a la figure 10. 

AdeTaut, la progressioa du goaflage du bas vers le haut peut toe contrfilee 
en prt voyant, le long de la preTorme, une serie de bagucs de contention f tangibles, dont 
15 le teuil de mpoire est adipce a cc sens de progression. 

Le cimcat est par consequent refoule* cgaleraent de bas en haut contre la 
paroi du putts, commc symbolise' par la Heche H, tandis que la boue 7 se trouve chassee 
vers le haut 

De prtf emnce lc volume de ciment penpnenque n'est pas suflisant pour 
20 atteindreUpartie haute do Up^^ Uaison sans ament dans 

Uzjonedejonctionentre les portions d'extremst* des deux troacons 2 ct 4 (voir figure 

II). 

De pre! erence, la preTorme 4 possede one para en re^ fidyinefisable a 
chaud, prise en sandwich entre une peau interieure et une peau cxteneurc clastiques, et 
25 munie, cote* inteneur, d'une reserve contestant dc la resinc apte a migrer vera l 9 exteneur 
pour former des bourrelets annulaires ravorisant I'ancrage ct raanchelte* du tubage contre 
la paroi dupuits. 

Une preTorme de ce genre est decrite dans la dem a n ds dc brevet francais 
9408691 depoeoe Ie7 juillet 1994 par la demanderesse, et dans son extension interna* 
30 tic«alefCT/FR 9500902. 

Ces verrous annulaires, repcitii lout le long dc la preTorme sent reTerenoes 
9 ; de preTerencc 11 est prc*vu une density plus grande de verrous (e'est-a-dire un 
tortememplusfsibleem^^ 

maniere a assurer une bonne £tancheit< dans la liaison bout- a- bout des different* 
35 troncons. 

Le cfaaulTage et la polymerisation de la preTorme writ realises une fois le 
gonflagc terming la pression de gonflage extant mai n termc I nntfrieurde la preTorme, 
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A title iiidfcaiir.Upressioa 

lx chauiTage de U prtTorme pent k fail* soil en ifttrodui»Jit un (luidc 
chaud a I *int4rieir dc la preYorme, sou par reaction chimiquc cxo<bcnnique, soil encore - 
<fe preTlrcnoe - par elTct Joule, aa moyen de lejutuns e*lcctriques (fill chaufTants) 
5 ctfipoeCcs dans U paroi de la preYonne ou i rxoximiie* de cdle-ci, d llimentea en council 
electrique deptris U lite de puts, via U dge - foiled Tubing" •& 

A utrc ind* calif, la temperature neoessaire a la pol yraensation est de 1 'crdre 
de U0al40*C t e«Ud\utedec*ttee^e^ 

Lorsque la polymerisation des venous 9 el de la paroi de prfforme est 
10 terminer etquele ciment 6 a fait aa prise (figure 12), on retire 1'outillage 500.-90,51 

(fttcheK, figure 13). 

On tttttalle alora un oudl de coupe (501) a 1 •extremity du lube 5, et on 
decoupe le manchou d'«anchelt* de l'extretnit* haute de la preTormc (pc4ymefi«6e) 4T 
(figure 14), qu'en anache ensuite. On opens de la rotoe maniere pour le manchon 
15 infeneur. 

On obtieritalors un tioncon dc cbemisage rigide 4 ? qui prolonge coaxialc- 
mem le mbage precedent 2 (voir figure 15). 

L'optotion qui vieat d'etre d&xite est bien $Cr rfitere*, troncon apres 
con, afin d'obwiir la profondeur de puits chemise* souhaitec. 
20 Dans un mode de realisation possible de la preTormc. cdlc-d a une Ime 

composes a 30% de resiiie cpoxy ct a 70% de fibres de verre, ceue ime ayaat one 
fpeisteur de I'ordre de 14mm ; lea peaux inteneure ct extericurc, en caoutchouc 
tyntht^quc^ont resp c cti veipenttt^ 

A titrc indicaUr, la portion princtpale de la preTonne 4 posscde. a V6*l 

25 de^, un diametre wterw 

184mm, tandis que la portion elargic 40 possede an diametre intecieur de Pordre de 
188nun et un diametre cxterieur de I'ordre de 236mm. 

Us portions 30-32 ct 31 du puits oat dea mameowrncyetu^l'oidrede 

197mm et de 244,5mm, respeonvemenL 
30 UilongueardearfifTeomtsuoncom 

simple titre iodicaril\ la longueur d'une prtforroe pcut fcrrc de 1 'ordre dc 50ftn. 

La figure 16 represents un puits F chemise* par un ensemble de trois 

tnmcons 2A. 2B et 2C aboutes et cimentes. 

U figure 17 represent sctematiquemeut une installation de tfce de puits 
35 quipermetdemcurccsiocuvreleproce^ 

Surcetfe figure, la t&c dc puits. rtT<<rtnc£e 55. est equipec d'uoe rtructure 
mdtallique (chassis) 100 entourant la teMe de puits. 
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Cede structure 100 pone un iojtcteur 101 pourvu d'un sabot dappui 102, 
et servant a sm^wtereUpatissCT 

lepuibou retires decdui-ci ;dIesetrouv-cir»plomb<lerentr6cdupuitt. 

On a design* par la reTerencc 54 un tambour de stodcage tur toque! est 
5 enroulccUprtfc«ii*;eflec^ 

La reTeience 540 design* un aabot de support et de gtndagedelapcetornie 

a ('entree da puits. 

Let reY erences 56 et 57 designed da taabourssurlcsqueUsotf eiiioul6s 
ci stocks lespecn vcment U* tubes "CT." (Coiled Tubing) 560 et 5. 
10 Lb tube 560 sen i supporter et a deplaccr Toutil de forage ; Ic tube 5 

(commc deja <fit) sett a tuppocter la prfforme. a ameacr les fluides de gonflage et de 
dmenlation a la prtXonne, et a U connecter a une source de courant eTectrique (pour la 

polymerisation). 

L'&ectricile at fournie par un generaleurelectriquc SB. 
1 5 La reTenence 59 deagne une cabine de controle de I 'operation. 

De manfec classique, Pentree du puits a forer est inidalement gamin d'un 

cuvetage 550. 

Le trypan 1 est adapt* a 1 'extrfmite* du tube 560, lequei est derouU du 

tambour rteeptew 56, support^ a 

20 (voir figure 18). 

On precede alora au foraga du trou. de fonne dtagee 3, de^n^ a reoevoir 

Ic premier troocoo (Hgure 19). 

Apres mise en place dt la prtfoonc, oiaentaiiofi et mise au rood, et enfin 

polymeVisatic* jnjn^ 
25 c« retire k conduit cetltral(^ 

54 (vide) *ur laquelle ctait inidalement stockee la preYonue (figure 20). 
U preToraie le tn^ abotts^ 

On defait ensuile les connexions bydraulique et electhquc avec la 
preYorme, on instaile et on acdle de menierc etanche autour de la tete du puits tin 
30 appareillage de tecurite* ad- hoc A, oeci par une technique conveatiooatlJe (Figure 21). 

A I'aide de Poutil de coupe 501, port** par le tube 5, oo decoupe les 
mancbons d'e^anchfite* baut et bas (figure 22). 

L'ltape suivante ooosiste a forer la section suivante, pour obtenir un trou 

ftagt 3 pcokxigeant lc Uoocon 2 (figure 23). 
35 Ensmte, oo calibre les diameiw 

du trou 3. a I 'aide d'un instrument appropric' 1000 (figure 24). 

On met en place une nouvdtopreTorme (figure 25). 
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On b fait descendiedara Ic puiu.etoola positioone convenablcmcm dans 
Ic trou 3. On la conoecte au Cube 5, don precede au gonflage, a la dmentanon, eta la 
polymerisation (figure 26). 

On retire le conduit centra) 50, qu'on remonte et qu'on enroule sur le 

tambour recepteur 54 (figures 27 ct 28). 

On suspend !*outiloe coupe 501 au tube 5, etonle descend poirdecouper 

les roanchons d'extreaniut (figure 29). 

On obticr* airrri deux tramjoas rigides aboates 2A, 2B (figure 30). 
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REVEND1CATIONS 

1. Proc6dc* pour forcr ct chetniser un puits, notammeni un puits de forage 
pftrolier, au moycn d'ua ensemble dc troncons tubulaires - oa preTormes - similaires, 
iratialement sauries, aptes a toe repiiees langjtudinalemeut sur elles-memes pour toe 
introduiies dans le ptriis, puis * toe depliecs radialemcnl sous reflet d'une press too 
5 interne pour prendre uoe forme cyundrique, et enfiri a toe rigidifiees in situ par poiymen- 
sation de leur ptroi, rencombremeat transversal d une preTorme reptiee e*tant de 
dimeostoo tt*^"- u seasiblemeni infeneure 1 son duunetre interne a Peuu deptie, et 
lesdites preTormes (4) poaseViant one portion d'extttmite* (40) done le diametre - apres 
dlptiemeirt . crt ^g^emgni tupfeigur i criiri du reste de la preTonne. ce qui pennet leur 

10 jonction bout-a-bout par embottemenl avec recouvranent de ladite portion d'extrenutt 
(40), carmcteris^ par Ic fait que, un premie* troncpu (2) ayarU e*te mis en place du c6tf de 
I entree du paid, ia portion dcxtrerai te* dergic (40) tournec vers le bas, 

a) on fait passer axial ement, de haul en bas a travers lcdil troncpn (2) . un 
outU de forage (1), et on fore au-dessous et dans le prolongeroent de ce traooon (2) un 

15 trou (3) dc forme et de pcofoodeur adaptee* pour rece voir le troncpn suivant ; 

b) on retire 1'outil defocago(l) ; 

c) on irurodnit une preTorme (4). a Petal replid, a linterieur du puits co la 
faiaant traverser le troncpn (2) deja en place, et on la posiuonne coovenaWement a 
Pinterieur du trou (3), sa portion d'extremite* haute venant se placer a rinterieur de la 

20 portion d*extremit6 elargic (40) du trace* (2) ; 

d) on introduit un anient nuide (6) au fond du trou (3). autour de la 
portion d>xtremite* basse de la preTorme ; 

e) on introduit un fluide sous presskw (8). de densite* superieure a la 
densite* du ciraent (6), k l'inteneur de la preTorme (4) afin de la deplier radialement, 

25 proarcaa vemeut de bas en haut, en refouUnt le cimeoU ^galemenl de baj en hatn, autour 
de la preToriDc, centre ta paroi du trou (3) ; 

Q tout en maiatenant la preTorme sous pression interne, on en chaufle la 

paroi pour la polymerise* ; 

g) le ciment ayant pris, et U preTorme ayant durci pour oonstituer un 
30 troocoD tubuhure hgjde dc cnetnisage(4*). on retire axialement lea outillages ayant servi 

augonfla^HaUpolymensali^ 

h) on reitere rope-ration pour les troncons sirivants, jusqu'a obtcnir la 

longueur de puits eternise* souhaitee. 

% . Proo6de* edon revendtcation 1, caractense* par le fait qu'on utilise un 
35 ouul de forage ( I ) du genre trepan, ap<e k occupcr selcctivcment trots eutts de contraction 
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radiate, a avoir un premier Oat d'eacombfcment minimal, lui pennettam de passer a 
I'interieur du 1100900 (2) (kj* en place, on second ftai, d'eacoabrcoieat intennediaire, 
pour le Forage de la partie princtpale (30) du trou (3) et un troisieme Aai. d'encombrement 
maximal, pour k forage de la partie (3 1) du trou (3) destinee a recevoir ta portion elargie 

deUpre?onne(4). 

3 . Proolck aelon U revindication 1 ou 2, caracterise" par te fait que ledit 
oudllage comprend use tete (51) i double valve (52. 53) ptacee ea partie base de la 
pitfooM (4), et apcei dtsaiboerae^ 

pnjf orme (4) et m eimeat flulde(7)ire«ericttTdecdle-ci. 

4 . Installation de forage et de caemisage. destinfce a la mise en oemrre du 
procerk tdoo Pnne dft reveodicatiooi i » 3, p"* 1* fait qn'elfc compcemL ea 
tftedupuiu: 

- one bobine (54) de stockage et de reception, k V6m enroule\ de ladiie 

prfforroe(4); 

- une tte (101) surplombanc VcawU (55) du puits, aple a pennettre ie 
guidage et rimioduction dans le puiti de la preTormo (4) et des difTerwU outillages 
servant an forage da puiti ainsi qu'aa gonflage et a la polymerisation de la pnjfbnne ; 

- des bobiaes (56, 57) de stockage a Vtm enrouW de tubes mftalliques 
clastiquemcnt dVfformabka (56D, 5) apua k fairc descendre el iwnontcr lesdifs outillages 
dans le puits. Tun (5) deeei tubes cootenani ua dole servant a I'aJirocntaiiao de la 
pfofonne ea oounuxt electrique ; 

- un geaeVateurdecourantelecthque (59). 
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54. PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, PARTICULARLY OIL 
WELL DRILLING, BY MEANS OF INITIALLY FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND 
HARDENED (N SITU. 



57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 
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PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED IN SITU . 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections— or preforms— that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which— after unfolding— is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 

Thus, by using this type of preform, which is known, particularly through 
document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
decreasing toward the bottom of the well, which poses problems of installation and subsequent 

operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

To accomplish this, and according to the invention, a first section is put in place 
at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 
of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 

In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
10 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 

attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 

three coaxially abutted sections; 

- figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30 — on a smaller scale — illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure 1, the tool is fully retracted so that its 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
10 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
15 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow F, in figure 1 . 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 1 1 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 
reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 
diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/2 1 887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 5 1 . 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 

activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 

distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 

lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 

casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to — even slightly greater than — 

that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 

and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
15 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 1 1). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 

30 completed, the inflation pressure being maintained inside the preform. 



7 



2741907 



By way of example, the internal pressure is approximately 15 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4 5 (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 

casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 1 88 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2A, 2B 

and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 

30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 100 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 

is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 

5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 

entry to the well. 

The references 56 and 57 designate drums on which the C.T. (coiled tubing) 560 

and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 ' Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 

extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 

drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 

sleeves (figure 29). 

Two rigid, abutted sections 2A, 2B are thus obtained (figure 30). 
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CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections — or preforms — that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 
5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which — after 
unfolding— is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 
10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 

(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 
15 b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 

20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
the wall of the hole (3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4'), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit (1) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (31) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
1 5 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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